Schizaphis graminum (Rondani) grew poorly on intact leaves of a resistant variety of 37 sorghum, its growth and feeding behavior increased when the colony was reared on 38 excised leaves of the variety (Montllor et al. 1990 ).
39
Milner (1981) reared aphids using leaf discs attached to the surface of 1% agar gel 40 containing nutrient solution and obtained positive results for maintaining aphid colonies.
41
This method has been used by several studies to maintain aphids for a short term (Lamb prolonging leaf disc quality compared to culturing of leaf discs on cotton wool and on 46 water. However, the extent to which this method is useful for rearing aphids has not 47 been evaluated experimentally. In the present study, using the pea aphid, Acyrthosiphon
48
pisum Harris as a model species, we first determine whether aphids can reproduce stably 49 using the "agar-leaf method", and secondly examine whether aphid growth and 50 reproduction observed using the agar-leaf method are comparable to those achieved 51 when aphids were reared on seedlings of Vicia faba Linné. We also test if this method 52 can be used for inducing the sexual generation. Through this study, we will suggest that 53 excised leaves "grow" on agar medium, thereby having a favorable effect on aphid 54 population growth.
55
To rear aphids using the agar-leaf method, we used round plastic containers (10cm 56 diameter and 5cm height) with a lid, on which 25 holes were bored for aeration. Agar adults.
80
The developmental time, fecundity and longevity of aphids (Nohkoh clone) that
81
were reared using the agar-leaf method were compared with those of aphids that were Hokkaido, was reared at 15°C and in short days.
88
To examine the effect of agar medium on V. faba leaves, 36 leaves were collected 89 from the top position of 11 V. faba seedlings (12 -15 days old). The leaves were 90 excised to form a rectangle (2.0cm × 3.0cm) and were randomly divided into three 91 groups (12 rectangles for each group), each of which included leaves from the 11 92 seedlings. One group was used as the control, in which all leaves were oven-dried and the dry weight of leaves that were placed on agar medium with and without nutrient 107 solution was, on average, 0.0232 g and 0.0224 g, respectively ( Fig. 2A) . Tukey-Kramer 108 post hoc tests showed no significant difference between the two treatments; however, 109 the leaves of both treatments were significantly heavier than those from the control 110 (0.0147 g) on day 0 ( Fig. 2A) . This result suggests that the leaves continued to grow on 111 agar medium (with a 58% increase in weight in the agar with nutrition treatment). On 112 day 0, there was no significant difference in fresh leaf weight between the two agar 113 treatments (Fig. 2B) . However, seven days later, fresh leaf weight in the agar treatments leaves on day 7 were significantly heavier than those on day 0 (Fig. 2B) respectively (Fig. 2C) . There was no significant difference between the two treatments, 125 but in both treatments leaf area on day 7 was significantly greater than that on day 0 (an 126 increase of 10% in the agar with nutrition treatment).
127
To test the effect of agar medium on aphid growth and size, 12 newborn larvae,
128
less than 24h old, were transferred from a V. faba seedling onto a fresh leaf on agar 129 medium with nutrition using a fine writing brush. These aphids were referred to as the aphids were fixed in 80% ethanol, and their hind legs were mounted under cover glass.
135
After the images were captured on a computer, the length of the hind leg (femur + tibia)
136
was measured using ImageJ. For comparison, 12 newborn larvae, less than 24h old, 
148
To test the effect of agar medium on aphid fecundity and longevity, one newborn show that the agar-leaf method is as suitable as the seedling method for rearing A.
161
pisum.
162
To examine the effect of agar medium on aphid population growth, a newly molted 
177
This study showed that the agar-leaf method has several benefits for rearing aphids. 
191
The result from the agar-leaf method implies that the flow of phloem sap is not 
300
Comparisons were made among the control and two treatments using Tukey-Kramer 301 method. Different letters indicate significant differences at a significance level of 0.05.
302
A, dry leaf weight; B, fresh leaf weight; C, leaf area. 
